We established adrenal medullary cell lines from transgenic mice expressing an oncogene, the temperature-sensitive simian virus 40 large T-antigen, under the control of the tyrosine hydroxylase promoter. A clonal cell line, named tsAM5D, conditionally grew at a permissive temperature of 33°C and exhibited the dopaminergic chroma‹n cell phenotype as exempliˆed by the expression pattern of mRNA for catecholamine synthesizing-enzymes and secretory vesicle-associated proteins. tsAM5D cells proliferated at the permissive temperature in response to glial cell line-derived neurotrophic factor (GDNF), basicˆbroblast growth factor (bFGF) and ciliary neurotrophic factor (CNTF). At a nonpermissive temperature of 39°C, GDNF and CNTF acted synergistically to diŠerentiate tsAM5D cells into neuron-like cells. In addition, tsAM5D cells caused to diŠerentiate by GDNF plus CNTF at 39°C became dependent solely on nerve growth factor for their survival and showed markedly enhanced neurite outgrowth. In the presence of GDNF plus CNTF, the morphological change induced by the temperature shift was associated with up-regulated expression of neuronal marker genes including microtubule-associated protein 2, neuron-speciˆc enolase, neuroˆlament, and growth-associated protein-43, indicating that the cells underwent neuronal diŠerentiation. Thus, we demonstrated that tsAM5D cells could proliferate at permissive 33°C, and also had the capacity to terminally diŠerentiate into neuron-like cells in response to GDNF plus CNTF when the oncogene was inactivated by shifting the temperature to nonpermissive 39°C. These results suggest that tsAM5D cells should be a good tool to allow a detailed study of mechanisms regulating neuronal diŠerentia-tion.
A 2.7-kb part of tsSV40T genomic DNA was fused at its 5′ end with 2.5 kb of hTH 5′ -‰anking sequence containing the non-coding region of exon 1, and at its 3′ end with a 8.2-kb NotI-HindIII fragment of hTH genomic sequence containing the exon-intron structure from a NotI site of intron 1 to exon 14 and the 3′ -‰ank-ing region. The resulting 13.35 kb-fusion gene was used to generate transgenic mice. 副腎髄 質クロム親 和性細胞 は，basicˆbroblast growth factor (bFGF), 14) ciliary neurotrophic factor (CNTF), 15, 16) glial cell line-derived neurotrophic factor (GDNF), 17) nerve growth factor (NGF), 18, 19) neurotrophin 4 A: growth rate determination. The cells were grown on 96-well plates coated with collagen type IV in deˆned growth medium at 33°C for 1 day. After the cells had been washed with DMEM containing 10％ FBS (day 0), the medium was changed to 10％ FBS-containing DMEM supplemented with various neurotrophic factor (s) (50 ng/ml). Control experiment was performed without neurotrophic factor. After the indicated period of culture at 33°C, the number of viable cells was estimated by using CellTiter 96 Aqueous reagent (Promega). The cell number at the indicated time points is expressed as a percentage of the cell number on day 0. All values represent the means ± S.E. of 3 independent experiments, in which measurements in each were made in triplicate.  : p＜0.05 compared with control. B: cell morphology. Cells were treated with various neurotrophic factors (50 ng/ml) in DMEM containing 10％ FBS at 33°C for 3 days and then viewed by phase-contrast microscopy. Original magniˆcation: ×200. tsAM5D cells were treated with a combination of GDNF and CNTF (50 ng/ml each) in 10％ FBS-containing DMEM for 3 days at either 33 (A) or 39 (B)°C and then processed for immunocytochemical analysis. Panels A and B show double-immuno‰uorescence staining for tsSV40T (red) and TH (green). Cells were stained with the appropriateˆrst and second antibodies as described in the legend of Fig. 3 and inspected by confocal ‰uorescence microscopy. Bars: 50 mm. Fig. 8 . NGF Responsiveness of tsAM5D Cells after DiŠerentiation to Neuron-like Cells with GDNF/CNTF tsAM5D cells were treated with a combination of GDNF and CNTF (50 ng/ml each） in 10％ FBS-containing DMEM for 3 days at either 33 (A) or 39 (B)°C. After the medium had been switched to serum-containing medium supplemented with either GDNF/CNTF, NGF, BDNF or NT 3 (50 ng/ml each), the cells were cultured at 39°C for 5 days. Original magniˆcation: ×100. tsAM5D cells were treated with a combination of GDNF and CNTF (50 ng/ml each) in 10％ FBS-containing DMEM for 3 days at either 33 or 39°C. The total RNAs were extracted and processed for real-time RT-PCR analysis. All values represent the means±S.D. of 3 independent experiments, in which measurements in each were made in triplicate.  : Signiˆcantly increased by the temperature shift from 33°C to 39°C (p＜0.05). MAP2: microtubule-associated protein 2, NSE: neuron-speciˆc enolase, NF160K: 160-kDa neuroˆlament, GAP-43: growth-associated protein-43, p75NTR: p75 neurotrophin receptor. 
